who has previously undergone partial thyroidectomy, even in the absence of abnormal clinical features. In such patients, the development of a retrosternal goitre from the thyroid remnant may present a potentially lifethreatening hazard during subsequent anaesthesia.
Vocal cord paralysis following neck surgery is a well described though infrequent complication. The occurrence of bilateral vocal cord paralysis following endotracheal intubation, however, is much less appreciated. Soon after extubation, the patient presents with stridor, hoarseness of voice and in the more severe cases, acute upper airway obstruction. These symptoms are relieved by reintubation. There are a number of aetiologies and we report three cases of bilateral vocal cord paralysis following endotracheal intubation attributed to pressure neuropraxia alone. Prevention of excessive intracuff pressure, ensuring correct placement of the endotracheal tube within the trachea and firm fixation to prevent tube migration are some of the ways whereby this complication may be prevented.
CASE I
An 83-year-old underwent a sigmoid colectomy for carcinoma of the sigmoid colon. There was no significant past medical history and there were no laryngeal symptoms before the operation. General anaesthesia with controlled ventilation was provided via a size 8 Portex® endotracheal tube that was inserted without difficulty. The cuff of the endotracheal tube was inflated with air to the level just necessary to prevent gas leakage. An oxygen-nitrous oxide-isoflurane mixture was used during the 2.5 hour operation. He was extubated at the end of the operation and was well in the immediate postoperative period. On the second postoperative day he developed stridor and increasing respiratory distress. A direct laryngoscopy examination showed bilateral vocal cord paralysis with the cords in the paramedian position. The glottis was otherwise normal. Reintubation relieved the respiratory distress immediately. A tracheostomy was performed five days later during which the vocal cords were still noted to be paralytic. He subsequently developed a nosocomial chest infection from which he succumbed.
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CASE 2
A 66-year-old asthmatic was admitted for a severe attack of bronchospasm and hypoxaemia requiring intubation and controlled ventilation in the intensive care unit. A size 8 Portex® endotracheal tube was used. He subsequently improved and was extubated four days later. Hoarseness of voice was noted soon after extubation. Laryngoscopy demonstrated bilateral vocal cord paralysis with the cords in the paramedian position. As there was no change in the quality of voice and his airway was not compromised, expectant management was carried out. The cords were still paralytic one year after the incident.
CASE 3
A 46-year-old female patient with a long history of congestive cardiac failure was admitted to the intensive care unit for severe pulmonary oedema requiring endotracheal intubation and controlled ventilation. She improved with therapy and she was extubated five days later. Signs of upper airway obstruction with hoarseness of voice were noted soon after extubation and deteriorated over the next few hours. Reintubation was performed when severe hypoxaemia was noted. Eight days later the glottis was examined under anaesthesia where both vocal cords were in the adducted midline position. There was mild oedema of the supraglottic region. A tracheostomy was performed. Three months later, the cords were noted still to be paralytic.
DISCUSSION
Endotracheal intubation is commonly employed but is not without its attendant risks. Besides varying degrees of sore throat following endotracheal intubation, hoarseness is a common complication. The incidence varies from 6070 to > 80% 1. The most probable causes are trauma to either the laryngeal or tracheal mucosa by the laryngoscope or the endotracheal tube, or prolonged abduction of the vocal cords by the endotracheal tube. Fortunately, it is usually mild and transient, lasting hours to days. Persistent hoarseness of more than four weeks duration may be due to granuloma formation on the cords, post traumatic synechiae, formation of an interarytenoid web, or arytenoid dislocation. A direct laryngoscopy should be performed to differentiate the causes as symptoms are similar. In other patients with hoarseness, paralysis of one or both vocal cords may be responsible. Surgical trauma to the recurrent laryngeal nerve can occur during neck exploration, thyroidectomy, or left thoracotomy. Finally, in a very small minority of patients where no known cause is found except for endotracheal intubation, a diagnosis of pressure neuropraxia must be considered.
Young and Stewart in 1953, first reported a case of postintubation bilateral vocal cord paralysis for which no surgical cause could be determined.' More case reports followed, most of which had unilateral involvement. The post-extubation symptoms were either upper airway obstruction or hoarseness of voice, in varying degrees of severity. There seems to be no clear relationship between the likelihood of the problem occurring and the duration of the intubation.
The laryngeal nerves have been dissected and evaluated with regard to their involvement in vocal cord paralysis.J. 6 The recurrent laryngeal nerve bifurcates into the anterior and posterior branches at the upper edge of the cricoid cartilage. The posterior branch is not vulnerable to compression anywhere along its course and is known to carry motor fibres to the posterior cricoarytenoid muscle which is the only abductor of the larynx, as well as to the abductor muscles. The anterior branch supplies the abductor muscles and could be compressed by an inflated cuff at a 6-10 mm below the posterior free edge of the vocal cords, along its course between the thyroid lamina laterally and the arytenoid cartilage superio-medially.
An adductor palsy results if the anterior branch is affected with the result that the vocal cords lie in the paramedian position. However, the position of the paralysed vocal cords cannot be reliably predicted by the part of the recurrent laryngeal nerve injured. The extreme variability in the distribution of the recurrent laryngeal nerve and its extralaryngeal nerve divisions has been demonstrated repeatedlY. [6] [7] [8] Though the onset of symptoms typically occurs immediately after extubation, delayed presentation is possible. Even with ,both vocal cords involved, there exists a spectrum of severity of airway obstruction. Using flow volume loop analysis in patients with vocal cord paralysis, more obstruction is present during inspiration than expiration": this is due to the action of the cricothyroid muscle as a result of the unopposed activity of the superior laryngeal nerve. The cricothyroid muscle is the main tensor and adductor of the vocal cords and functions as a constrictor sphincter of the glottis. Though inactive during normal respiration, its activity becomes markedly increased during the active inspiratory and expiratory cycles of upper airway obstruction, causing further obstruction and adducted cords. Intubation or tracheostomy is mandatory in these cases to relieve the obstruction.
The inflated cuff must lie within the larynx, just below the cords, to affect the nerve. This is possible if the endotracheal tube was secured too far out in an attempt to prevent endobronchial intubation or if it slipped slightly out after being apparently secured. In the awake patient, neck and head movements in conjunction with bouts of coughing and straining could result in significant movements of the endotracheal tube even though it might have been secured with tapes and ties. Movements of the head and neck and orofacial movements have been known to cause the tube to move 1-4 cm within the trachea and larynx. MelHa'" studied the distance between the lower border of the cricoid cartilage and the vocal cords and found that the mean distance in males was 3 cm and 2.75 cm in females. He recommended that a mark be placed 3 cm proximal to the cuff so that the cuff would lie within the trachea proper and not within the larynx. Endobronchial intubation would also be prevented.
Intracuff pressures increase significantly with cuff overinflation and this could be exacerbated with nitrous oxide diffusion during anaesthesia. It has been demonstrated that the intracuff pressure could rise 50070 in nine minutes if air was initially used to inflate the cuff.' Therefore even though the correct volume of air is used to achieve an airtight fit after intubation, the pressure within the cuff would still rise with time. This may contribute to the development of compression injury. Filling the cuff with a similar mixture of inspired gases used during anaesthesia, regular deflation of the cuff, routine use of a pressure-relief valve and monitoring of the intracuff pressures could be performed whenever a cuffed endotracheal tube is used.
The treatment for bilateral vocal cord paralysis depends on the presence of stridor and the position of the cords. Stridor usually signifies that the glottic space is less than 3 mm" and intubation or tracheostomy is required to relieve the upper airway obstruction. Other temporising measures include Teflon injection into the cords to fixate them till function returns. There remains a place for electromyography in the evaluation of the immobile cords to differentiate between cases of immobility due to scarring and those of neurologic origin." Removal of scar tissue in the interarytenoid area is indicated if scarring is the cause while fixation due to neurological causes can be managed with muscle release procedures, arytenoidectomy, vocal cord stripping or sectioning of the cri-cothyroid muscle to restore the airway permanently in those patients where follow-up does not reveal any return of cord function. The main aim is to decrease the obstruction to airflow.
Spontaneous recovery is normally seen, although the duration of the paralytic state varies from days to months. The real issue, however, is one of prevention. Serial monitoring of the intracuff pressure may be performed using a pressure-sensitive release valve or the cuff can be filled with the same inspired mixture at the beginning of the anaesthesia to prevent excessive buildup of pressure. A mark placed proximal to the cuff to guide correct placement, prevention of tube migration during the period of intubation with firm securing both during surgery and in the intensive care setting are other means by which pressure neuropraxia may be prevented.
